inappropriate secretion of a substance with ADH activity, this secretion continuing in spite of the dilutional hyponatramia.
The patients are improved by water restriction and particularly by treatment with 9-a-fludrocortisone. The use of cytotoxic drugs has occasionally produced improvement. Hypercalcawmia: While hypercalcemia in malignant disease is often due to the presence of bony metastases, it may occur in the absence of such bony deposits, particularly in association with primary carcinoma of the bronchus and hypernephroma. The main symptoms include malaise, thirst, polyuria and polydipsia and later vomiting and coma. Carey (1966) reported six cases of hypercalcemia without bony metastases in 100 consecutive cases of bronchial carcinoma. The hypercalcemia can be reversed by treatment with cortisone, and also when possible by removal of the primary tumour. The condition tends to recur if metastases develop later. CONCLUSION While many of the syndromes produced remotely by malignant disease are now well recognized, their pathogenesis remains obscure. It is necessary to explain, among other things, the variable time relationship between the growth and the remote effect; the independence of the size of the primary growth; and the fact that only a relatively small proportion of patients with malignant disease develop these interesting syndromes.
There is now good evidence that in the endocrine disturbances, the tumour secretes a substance with biochemical activity resembling naturally occurring hormones, and sometimes more than one such substance is produced. In progressive multifocal leukoencephalopathy, evidence of a virus infection is accumulating. In other forms of neuropathy the position is much less certain, and theories include virus infection, some autoimmune process and the secretion of a substance causing direct damage to neurones.
Although endocrine and neurological disorders do not frequently occur together in the same patient such associations are not unknown. Dermatomyositis has been described with hyponatremia (Williams 1963) , and recently Hallpike & Morgan-Hughes (1966) have reported a patient with bronchial carcinoma who developed hyponatrnemia and myasthenia.
In peripheral sensorimotor neuropathy we have seen disturbances of glucose, sodium and potassium metabolism in individual patients as well as pigmentation due to secretion of melanocyte stimulating hormone (MSH).
It is not necessary to postulate that all of the diverse remote effects produced by carcinoma are the result of a single pathological process. Some may be found to be the result of a specific virus infection, while others have a purely hormonal basis. On the other hand it may be that in cases where a virus is incriminated, the neurological disturbance results from an abnormal response to a commonly occurring virus, the altered response being caused by some polypeptide secreted by the primary tumour.
Pathology by H Urich MD MRCP
The pathology of the remote effects of malignant neoplasms on the nervous and muscular systems is as varied and complex as their clinical picture, both in localization of the lesions and in the nature of pathological processes. The localization agrees fairly closely with the symptomatology, the nature of the processes on the other hand presenting many puzzling features. Those involving the central and peripheral nervous systems fall into four main groups: (1) Degenerative.
(2) Demyelinating. (3) Inflammatory. (4) Necrotizing.
Of the degenerative syndromes the subacute cerebellar degeneration is the best known (Greenfield 1934 , Brain et al. 1951 , Henson et al. 1954 , Brain & Wilkinson 1965 . The lesions consist of extensive disintegration and disappearance of Purkinje cells in the cerebellar cortex. Occasionally this cerebellar cortical atrophy may be associated with degeneration of the posterior columns and spinocerebellar tracts. Very rarely degenerative lesions in the globus pallidus and the subthalamic nucleus have also been reported.
Not enough material has as yet been examined of the recently described syndrome resembling motor neurone disease (Brain et a!. 1965) . Of the four cases investigated so far only one resembled classical amyotrophic lateral sclerosis in that it showed severe degenerative changes both in the upper and the lower motor neurones, the latter largely confined to the lower brain stem and cervical cord. One case showed extreme loss of anterior horn cells throughout the cord without involvement of the upper motor neurone, in another there was prominent degeneration of the pyramidal tracts with minimal lesions in the anterior horns, and in the fourth case only mild loss of motor cells in the spinal cord was apparent.
In addition, in at least three cases degenerative changes were present in the posterior root ganglia with corresponding rarefaction of the posterior columns.
Demyelination in the central nervous system occurs in progressive multifocal leukoencephalo-pathy (Astrom et al. 1958 , Cavanagh et al. 1959 , Richardson 1961 . The lesions consist of numerous small foci of demyelination with preservation of axons and nerve cells. They are commonly found in the deeper layers of the cerebral cortex and the underlying white matter, the basal ganglia, the brain stem and, less frequently, the cerebellum. They tend to coalesce giving rise to large irregularly shaped patches of demyelination. The oligodendroglial nuclei at the edges of the lesion tend to be abnormally large with blurred chromatin pattern and may contain structures resembling inclusion bodies. Bizarre giant forms of astrocytes are seen sometimes in the central parts of older lesions.
It is a debatable point whether the mixed sensorimotor peripheral neuropathy should be included among the demyelinating or the degenerative conditions. It was suggested by Lennox & Pritchard (1950) that it was a demyelinating neuropathy and there is no doubt that segmental demyelination in peripheral nerves can be demonstrated both in conventional preparations and in teased isolated nerve fibres (Croft et al. 1967 , Thomas & Lascelles 1967 ). This segmental demyelination, often followed by remyelination is the result of damage to the cells of Schwann. The picture is, however, complicated by the almost constant presence of axonal damage in addition to the loss of myelin sheaths. It is possible that this may be secondary to severe Schwann cell disease, but other mechanisms cannot be ruled out.
The inflammatory neuropathies form a welldefined group of cases associated almost exclusively with bronchial carcinoma of the oat-cell type (Henson et al. 1954 ). The histological picture consists of loss of neurones, focal and diffuse microglial activation and intense lymphocytic infiltration ofthe perivascular spaces. These lesions may occur in the cerebral cortex where they affect particularly the hippocampal, cingulate, orbital and insular regions (the 'limbic encephalitis' of Brierley et al. 1960) , in the brain stem ('bulbar encephalitis') or in the spinal cord where they affect most frequently the anterior horns and occasionally other nuclei ('myelitis'). Similar inflammatory lesions are found in sensory neuropathy (Denny-Brown 1948 ). Here the brunt of the damage falls on the posterior root ganglia ('ganglioradiculitis') causing severe loss of nerve cells with consequent Wallerian degeneration of posterior roots and posterior columns. Sensory neuropathy and encephalomyelitis are frequently found together in the same cases, one or other group of lesions predominating.
Necrotizing lesions have hitherto been described only in the spinal cord (the necrotizing myelopathy of Mancall & Rosales 1964) . The foci of myelomalacia may be scattered or confluent, leading to massive softening of the spinal cord.
The study of the carcinomatous myopathies is far less advanced than that of the neuropathies. A variety of lesions has been observed in skeletal muscles in cases of malignant disease most of which are difficult to interpret and to correlate with the clinical picture. While the nervous system is a very stable structure skeletal muscle is a labile tissue in which marked structural changes occur in various functional states. Disuse atrophy, wasting due to malnutrition and cachexia and decubital changes form a background against which specific lesions have to be evaluated. The specific disorders likely to be associated with malignant neoplasms fall into three groups:
(1) Neurogenic. (2) Denervation atrophy with its characteristic pattern of atrophy of some motor units and preservation of others is not a primary disease of muscle but a response to destruction of the lower motor neurone. It occurs in motor neurone disease, in myelitis affecting the anterior horns and in those cases of peripheral neuropathy in which the axons have been damaged.
The degenerative myopathies form a group which presents the greatest difficulties in interpretation. The most common abnormality is severe atrophy of individual muscle fibres in which the muscle consists of a random mixture of fibres of various calibres ranging from moderately to extremely attenuated ones. Unfortunately this 'single fibre atrophy' is a non-specific pattern which may occur in cachexia from any cause (Marin & Denny-Brown 1962 , Harriman 1966 ). It also occurs in lesions of the neuromuscular junction, in early stages of denervation and in a variety of specific metabolic myopathies. The pattern becomes more significant when associated with other degenerative changes, such as vacuolation, hyalinization and necrosis of muscle fibres or the presence of regenerating fibres, but these lesions are also open to a variety of interpretations.
Acute polymyositis and dermatomyositis represent the inflammatory muscle diseases associated with malignant neoplasms. This association is, however, less frequent than is generally believed, only about 12% of reported cases occurring in conjunction with cancer (Rowland & Schotland 1965) . The histological appearances may vary from muscle to muscle, but in their florid form are highly characteristic: they show extensive necrosis of muscle fibres, dense lymphocytic infiltration and a tendency to fibrous scarring.
Little is known about the pathogenetic mechanisms responsible for the production of these lesions but a few pointers in various directions justify further exploration. Electron microscopy of the lesions of progressive multifocal leukoencephalopathy revealed that the changes in oligodendroglial nuclei are due to the presence of virus particles (Howatson et al. 1965 , Silverman & Rubinstein 1965 , Vanderhaeghen & PWrier 1965 , Woodhouse et al. 1967 . Morphologically the virus appears to belong to the papova group; further identification will require virological studies on fresh unfixed material. While morphological studies fall far short of the fulfillment of Koch's postulates the constant finding of similar particles in all cases examined must be considered significant. It points to the possibility that at least some of the remote effects of cancer on the nervous system may be due to opportunistic infections. It is also the only condition known so far in which demyelination can be ascribed to a specific infection. It may also be noted that this infection is not usually associated with an inflammatory reaction commonly seen in virus encephalitides.
On the other hand the lesions of the inflammatory type of carcinomatous neuropathy closely resemble those seen in common virus infections of the central nervous system. There is, however, no evidence as yet to suggest that these lesions are due to a specific infection. An alternative suggestion has been put forward of an autoimmune aetiology of these lesions. This receives some support from the discovery of circulating antibodies against neural tissue in cases of sensory neuropathy (Wilkinson 1964; Wilkinson & Zeromski 1965) . It is of some interest that the primary tumours in these cases are often very small and the metastases limited to regional lymph nodes. It would be tempting to suggest that the same immunological mechanism could keep the neoplasm in check and damage the nervous system. The search for common antigenic determinants in tumour and nervous tissue has yielded no results up to now.
Autoimmune or hypersensitivity mechanisms have been advocated in the pathogenesis of polymyositis, and also of some forms of demyelinating neuropathy, the suggestion being based on the analogy with experimental allergic neuritis (Waksman & Adams 1955) . The evidence in favour of these theories is slender, but it emphasizes the need for further immunological studies.
Finally there are pointers to metabolic factors being responsible for some myopathies. The production of ACTH-like substances by some bronchial carcinomas is now well established and this may lead to the development of steroid and hypokalemic myopathies. The role of metabolic factors in the production of neuropathies remains obscure.
In conclusion, further morphological studies are still necessary to fill gaps in our knowledge, but the main effort should be directed towards the exploration of the recently opened virological, immunological and biochemical avenues.
